We have compared the haemodynamic effects of an infusion of propofol 8 mg kg~1 h~1 followed by 4 mg kg~ 'h~' and fentanyl 15^gkg~' (group 
Propofol is an agent which is suitable for induction and maintenance of anaesthesia. Studies on propofol for induction of anaesthesia for heart surgery using doses of 1.0-2.5 mg kg" 1 i.v. suggest that it is associated with undesirable hypotension [1] [2] [3] [4] . However, other work using an infusion of propofol for induction has suggested that the hypotensive effect is related to the rate of infusion [5, 6] . At our centre, infusions of propofol have been used for induction and maintenance of cardiac anaesthesia in patients with good left ventricular function [7] without either severe hypotension or clinical myocardial depression. The primary aim of this study was to compare the haemodynamic effects of induction and maintenance of anaesthesia using an infusion of propofol and a moderate dose of fentanyl with those of midazolam sedation and high-dose fentanyl anaesthesia in patients presenting for cardiac surgery with poor ventricular function. from 77 patients with preoperative angiographic evidence of abnormal kinetic area movements to enable further screening for low cardiac output. No patient had biochemical evidence of hepatic or renal impairment. Immediately before surgery, baseline awake cardiac output and pulmonary capillary wedge pressure (PCWP) were measured. Patients with a low cardiac output state, denned as a cardiac index (CI) less than 2.5 litre min~' m" 2 and a minimum PCWP of 7 mm Hg, were then allocated randomly to receive one of the two anaesthetics. The population characteristics of the 39 patients (NYHA II-IV) are presented in table I.
Preoperative management
In both groups, usual preoperative cardiac medications were maintained up to the morning of surgery. Patients were sedated with a benzodiazepine, mainly lorazepam, on the night before surgery and premedication comprised morphine and hyoscine i.m., 1 h before operation, in doses appropriate to clinical status. A radial artery cannula and thermodilution pulmonary artery cannula were inserted under local anaesthesia before induction of anaesthesia.
Anaesthesia
In group 1, 20 patients received an infusion of propofol 8 mg kg" 1 h" 1 until anaesthesia was induced and then 4 mg kg" 1 hr 1 until entry into the intensive care unit. Three minutes after induction of anaesthesia, pancuronium 0.15 mg kg" 1 and fentanyl lSugkg" 1 i.v. were given over 2 min. Group 2 comprised 19 patients who received a hypnotic dose of midazolam 3-6 mg i.v. Three minutes after administration of midazolam, pancuronium 0.15 mg kg"' and fentanyl 60 ug kg" 1 i.v. were given over 4 min. In both groups the lungs were ventilated manually until orotracheal intubation and then mechanically to normocapnia with oxygen. In group 2, supplementary sedation using i.v. midazolam was given during cardiopulmonary bypass (CPB) at the following times: 5 mg at the start, 5 mg on rewarming and 5 mg at termination.
PATIENTS AND METHODS
Local Ethics Committee approval was obtained for the study in patients presenting for elective cardiac surgery. Written informed consent was obtained Before CPB, arterial pressure was controlled. Hypertension, denned as systolic arterial pressure (SAP) greater than 130 mm Hg, was treated with glyceryl trinitrate (GTN) 0.25-0.5 mg i.v., and hypotension, SAP less than 80 mm Hg, with metaraminol 0.25 mg i.v. Patients who required more than 10 mg of GTN to control SAP before CPB were said to have severe hypertension. During CPB, perfusion pressures were controlled to between 40 and 60 mm Hg using GTN and metaraminol. After CPB, inotropic therapy was given if CI was less than 2.5 litre min" 1 m~2 and circulatory support was indicated clinically.
Haemodynamic measurements
Throughout the study, radial and pulmonary arterial pressures and electrocardiographic leads II and V5 were displayed continuously (Hellige). Thermodilution CI, heart rate (HR) and right ventricular function were recorded as the mean of three measurements using a right ventricular ejection fraction cardiac output computer (Baxter Edwards REF1). The ejection fraction thermodilution catheter incorporates an electrode to sense the R wave (hence HR) and a rapid response thermistor to detect beat-by-beat changes in arterial temperature. In addition to calculating cardiac output (CO), the computer uses the rate of change of arterial temperature per heart beat to determine right ventricular ejection fraction (RVEF). From this information the following were derived: stroke volume (SV) = CO/HR; right ventricular end-diastolic volume (RVEDV) = SV/RVEF; and right ventricular endsystolic volume (RVESV) = RVEDV-SV. Baseline HR, mean (MAP) and diastolic (DAP) arterial pressures, mean pulmonary artery pressure (MPAP), mean pulmonary capillary wedge pressure (PCWP), mean right arterial pressure (RAP), CI and right ventricular function (SV, RVEF, RVEDV and RVESV) were recorded before induction. These were repeated on induction before the infusion rate was reduced in group 1 and after midazolam in group 2, 3 min after induction or administration of midazolam, 1 min after administration of pancuronium and fentanyl, 2 min after tracheal intubation, 2 min after sternotomy and 20-30 min later.
Recovery assessments
Patients underwent ventilation electively after operation in the intensive care unit. Analgesia was provided with morphine 2.5-5 mg i.v. as required on the assessment of the nursing staff.
The times from entry to the intensive care unit until the following events were recorded: eyes open, response to command, being fully rewarmed (assessed by toe temperature), ready for tracheal extubation, tracheal extubation and discharge from ICU.
Statistical methods
Statistical analysis was carried out using the SAS package (version 6.04). Population characteristics were compared by chi-square or t tests, as appropriate. Haemodynamic measurements were compared between groups by two sample t tests using percentage change from baseline. Comparisons within groups for each haemodynamic variable and at each time were by one-sample t test on the percentage change from baseline. Because of the large number of comparisons, the P value was not formally adjusted but the 1 % level was used as the cut-off for statistical significance throughout. Recovery assessments were compared by Wilcoxon and log rank tests, as appropriate.
RESULTS
There were more women in the propofol group, but in all other respects, the groups were comparable (table I). In group 1, the median induction dose of propofol was 0.53 mg kg~' and the median total dose during surgery was 15.67 mg kg" 1 . In group 2, the median initial dose of midazolam was 0.054 mg kg" 1 .
Haemodynamic measurements
Baseline haemodynamic variables of the two groups were comparable (table II) . The mean percentage change in heart rate at 3 min after induction was greater in group 1; the respective (table III) . HR was lower in group 1 than group 2 at all times after induction (table III) . In both groups after induction, mean percentage change in HR was constant up to 1 min after administration of fentanyl and thereafter there was a steady increase. Mean values of MAP in both groups were less than baseline for most of the maintenance period; at 2 min after sternotomy, MAP increased but then declined 20 min later. A similar profile was seen for SVR. After induction, there was a decrease in mean CI for both groups which was constant except for 2 min after intubation when there was a transient return to baseline. SV was constant until 2 min after sternotomy when it decreased.
Other therapies
The incidence of therapeutic interventions was comparable between groups (table IV) .
Before CPB, severe hypertension occurred in two patients in group 1 and in three patients in group 2. In the remaining patients there was no significant difference in the dose of GTN between the groups: group 1, mean 1.96 (range 0-4.75) mg; group 2, 3.32 (0-10) mg. The incidence and dose of vasoconstrictor therapy was similar between the two groups: group 1, metaraminol 0.5-2.0mg; group 2, metaraminol 1 mg.
During CPB, there were no significant differences between the groups in the dose of GTN: group 1, 0.49 (0-4.5) mg; group 2, 2.17 (0-20.5) mg. Only one patient in group 2 required more than 10 mg of GTN. There were no significant differences in the doses of metaraminol: group 1, 1.9 (0-5.5) mg; group 2, 1.1 (0-6) mg.
Recovery assessments
The times to eye opening, responding to command, being ready for tracheal extubation, trachea! extubation and discharge from the ICU were all shorter in group 1 (table V).
DISCUSSION
Induction of anaesthesia with propofol is often associated with a decrease in arterial pressure, especially after opioid premedication [8, 9] . After bolus doses of propofol 1-2.5 mg kg" 1 , significant decreases of 23-33 % in DAP have been described in patients with ischaemic heart disease [1^1] giving rise to reasonable concern that myocardial perfusion may be compromised. However, it has been shown that the hypotensive effects of propofol are raterelated and that with a slower infusion, less propofol is required to achieve hypnosis [5, 6] . Manara and co-workers [10] induced anaesthesia in patients with ischaemic heart disease using alfentanil 50 (ig kg" 1 and an initial dose of propofol 0.5 mg kg" 1 , followed by a step-down infusion of 5 mg kg" 1 h" 1 and reported a smaller decrease in DAP of 18 %. We gave an infusion of propofol to the point of hypnosis and confirmed that their induction dose was appropriate. After opioid premedication, a median infusion induction dose of propofol of 0.53 mg kg" 1 in group 1 resulted in a 17% decrease in arterial pressure which was similar to that after midazolam 0.054 mg kg" 1 i.v. in group 2. In this study the only difference in the haemodynamic changes between the two groups was that a lower HR was maintained in patients receiving propofol. This was not caused by a difference in beta blockers administered on the morning of surgery (five patients in each group). In cardiac patients, a moderate reduction in HR is often desirable, but there are reports of severe bradycardia with propofol [11, 12] , especially in combination with fentanyl [13] . In this study, no patient had severe bradycardia, possibly because of the choice of pancuronium as a neuromuscular blocking agent.
In patients with impaired left ventricular function, there is concern about the myocardial depressant effects of propofol. Animal studies both in vitro [14] and in vivo [15, 16] have demonstrated that propofol impairs both myocardial contractility and relaxation, and the severity is related to blood concentrations of propofol. In patients with ischaemic heart disease and good left ventricular function undergoing heart surgery, Vermeyen and co-workers [3] concluded that there was a negative inotropic effect of a propofol-fentanyl anaesthetic based on decreases in left ventricular stroke work index (LVSWI) with unchanged filling pressures. In this study, we observed decreases in PCWP and also in CI and LVSWI in patients receiving an infusion of propofol and therefore evidence of myocardial depression using these criteria was inconclusive. Measurement of ejection fraction is a better indicator of myocardial contractility, but it is also affected by changes in loading conditions and predominantly inversely by afterload [17] . To investigate the effect of an infusion of propofol with fentanyl on LVEF, Lepage and coworkers [18] measured left ventricular volumes using the radionuclide method in 10 patients with ischaemic heart disease and clinically good left ventricular function. They demonstrated that propofol reduced end-diastolic volume with unchanged end-systolic volume and ejection fraction and concluded that left ventricular function was maintained. In this study we assessed the effect of propofol on RVEF using thermodilution measurements. Although ejection fractions of the right and left ventricles in both the normal and pathological myocardium are quantitatively different, there is a functional interdependence [19] . This implies that a change primarily in LVEF is associated with a change in RVEF in the same direction. For these reasons we felt that examining changes in RVEF was a valid qualitative assessment of changes in myocardial contractility. Normal RVEF, when measured by the radionuclide method, is 0.45-0.65 [19] and thermodilution RVEF correlates well with this (r = 0.93) [20] . The initial mean RVEF in both our groups was less than 0.4 litre confirming that baseline myocardial contractility was moderately impaired. Compared with baseline, we observed reductions in RVESV in both groups and reductions in PAP in group 1, indicating that afterload in both groups was probably decreased. RVEDV was reduced also in both groups and therefore preload possibly decreased. Importantly however, RVEF did not decrease in both groups. Thus we could not demonstrate an adverse effect on myocardial contractility specifically related to propofol.
There is increasing interest in early extubation for patients after cardiac surgery [21] , although the risks [22] and benefits [23] are as yet unresolved. Our practice is to extubate the trachea when the patient is awake, haemodynamically stable and has good respiratory function. We agree with Higgins [23] that there are benefits for the circulatory and respiratory systems when the patient is breathing spontaneously, without a tracheal tube, providing that myocardial dysfunction is not severe and that analgesia is adequate. It is not surprising that patients in group 1 were awake earlier because of the smaller dose of opioid and short-acting sedation. However, we have also demonstrated that an infusion of propofol as part of the anaesthetic technique pro-vided the potential for early tracheal extubation. All of our patients who had received propofol were discharged from the ICU earlier than those in group 2.
